In vitro messenger properties of a satellite RNA of cucumber mosaic virus Soh Hidaka, l*~ -Kaoru Hanada 2 and Kiichi Ishikawa I 1Department of Biochemistry, Yamagata University School of Medicine, National Agriculture Research Center, Tsukuba, Ibaraki 305, Japan The nucleotide sequence of a naturally occurring satellite RNA (satRNA) of cucumber mosaic virus strain F (CMV-F) isolated from Petasites japonicum Miq. has been determined. F-satRNA is 338 nucleotides long and possesses a single open reading frame (ORF; residues 11 to 91) in its 5'-terminal region. Analysis of in vitro translation products of the RNA revealed that the major peptide synthesized had an Mr of 2800, corresponding to the value (Mr 2874) calculated from the amino acid sequence predicted from the ORF. Furthermore, a ribosome-binding fragment of the RNA in the initiation step of an in vitro translation system was found to contain the first AUG codon (residues 11 to 13). These results suggest that of the F-satRNA sequence, the coding region for the peptide can be assigned to the region from AUG to GGU (residues 11 to 91), accompanied by a termination codon UGA.
Cucumber mosaic virus (CMV) satellite RNA (satRNA) has been isolated from various strains of CMV, and the nucleotide sequences of 22 variants are known (Richards et al., 1978; Gordon & Symons, 1983; Collmer et al., 1983; Hidaka et al., 1984 Hidaka et al., , 1988 Avila-Rincon et al., 1986a; Kaper et al., 1986 Kaper et al., , 1988 Garcia-Arenal et al., 1987; Jacquemond & Lauquin, 1988) . The molecular size of satRNA was similar in 20 variants (333 to 342 nucleotides), whereas the other two were larger (368 and 386 nucleotides respectively). The satRNAs possessed a cap structure at the 5' end and open reading frame(s) (ORFs) in their sequences; therefore the structural features required for eukaryotic mRNA were present in the molecule.
Early work on the in vitro translation of satRNA (S CARNA5) showed that two small peptides were synthesized in the wheatgerm system (Owens & Kaper, 1977) ; later, the same result was obtained by the translation of RNA transcribed in vitro from cloned cDNAs (AvilaRincon et al., 1986b ). Yamaguchi et al. (1982 also reported that satRNA from CMV strain Y (Y-satRNA) directed protein synthesis with low efficiency in in vitro systems. We have recently demonstrated in vitro mRNA activities for three distinct satRNAs, suggesting that the region initiated by the first AUG sequence of the RNA can be translated (Hidaka et al., 1988) . However, the relationship between the ORF and the in vitro translation product of satRNA remained obscure. t Present address: Tohoku National Agricultural Experiment Station, Shimokuriyagawa, Morioka Iwate 020-01, Japan.
In this report, we describe the sequence of a new naturally occurring satRNA with a unique structural feature: the presence of only a Y-proximal ORF. In addition, we show that the coding region for an in vitro translation product of the satRNA can be assigned to the ORF.
CMV strain F (CMV-F) is a Japanese strain isolated from Petasites japonicum Miq. cv. Aichi-wase showing mosaic symptoms in the field. The virus was propagated in tobacco (Nicotiana tabacum Xanthi nc) after a single lesion isolation using Chenopodium quinoa as a local lesion host. Virus particles and satRNA were purified and RNA sequencing was conducted as described previously (Hidaka et al., 1988) . Wheatgerm extract was obtained commercially (Amersham) and the protein synthesis reaction (10 ~tl) was performed according to the manufacturer's recommendation, typical reactions contained satRNA (approx. 0-5 ~tg) and 10 ~tCi of [3H]leucine (140 Ci/mmol; Amersham). After incubation, the mixture was treated with RNase A (100 ~tg/ml) at 37 °C for 30 min, followed by electrophoresis in a Swank & Munkres gel system essentially as described by AvilaRincon et al. (1986b) . The gel was stained with Coomassie Brilliant Blue R-250 for detection of Mr markers (M~ range 2500 to 17000; BDH) prior to fluorography. Analysis of ribosome-binding fragments of F-satRNA at the initiation step of in vitro protein synthesis was carried out using a wheatgerm cell-free system (50 ~tl) and F-satRNA 32p-labelled at the cap site, as described previously (Hidaka et al., 1988) .
F-satRNA is 338 nucleotides long and shares 86~ 0000-9131 © 1990 SGM Short communication
6.2K
--2.5K . Y-satRNA was prepared as described previously (Hidaka et al., 1988) . Mr markers are indicated.
homology with D CARNA5. It falls into the smaller length class (333 to 342 nucleotides) of previously published satRNA sequences. A single ORF is located between A U G (residues 11 to 13) and G G U (residues 89 to 91), predicting a polypeptide of 27 amino acids (Fig. 1 ) and corresponding to ORF I reported by Kaper et al. (1988) . This region is conserved among 13 of the 22 known satRNA sequences. Three downstream A U G sequences, i.e. residues 202 to 204, 298 to 300 and 314 to 316 respectively, are not followed by in-phase termination codons. Fig. 2 shows that F-satRNA directs the synthesis of a single major peptide (Mr 2800) that comigrates with one of the two Y-satRNA translation products. Y-satRNA contains an analogous ORF at its Y-terminal region as well as several other additional ORFs downstream. Although we have reported previously that the 5'-proximal ORF is a possible coding region in Y-satRNA, its translation product could not be identified without ambiguity among several peptides detected by fluorography (Hidaka et al., 1988) . However, for F-satRNA containing a single ORF, the predicted peptide with an Mr of 2800 could be detected as a single band migrating to the expected position on the gel (Fig. 2, lane 2) . This result was confirmed further by the analysis of FsatRNA fragments protected by ribosomes during the initiation step of an in vitro protein synthesis reaction. The AUG-containing sequence thus obtained meets one of the criteria for the identification of the functional initiation codon (Kozak, 1984) .
The centrifugation profiles of the 80S ribosomesatRNA complex (80S complex) are shown in Fig. 3 (a) , together with the gel electrophoretic analysis of ribosome-binding RNA fragments extracted from the 80S complex after RNase T1 treatment (Fig. 3b) . A series of fragments containing the 32P-labelled cap structure at the 5' end and guanine at the Y end (residues 25 to 42) was recovered from the 80S ribosomes depending on the concentration of RNase T1 used (10 to 100 units/ml). More stringent digestion of the 80S complex with RNase T1 (100 units/ml) produced a more homogeneous fragment (25 nucleotides in length). For unknown reasons, the fragment was completely degraded by the concentration used previously (200 units/ml) (Hidaka et al., 1988) of RNase T1 (data not shown).
These results suggest that the first A U G codon of FsatRNA (residues 11 to 13) serves as the initiation codon for in vitro protein synthesis, as for E-or Y-satRNAs 3 . Formation of an 80S initiation complex with F-satRNA 32p-labelled at the cap site, in the wheatgerm system and analysis of the ribosome-protected RNA fragments. (a) The 80S initiation complex was sedimented through a glycerol gradient after treatment with (O) or without (©) RNase T I (50 units/ml) as described (Hidaka et al., 1988) . Fraction numbers increase from the bottom to the top of the gradient. (b) Protected RNA fragments were extracted from the complex after treatment with various concentrations of RNase T1 and electrophoresed in a 12~ polyacrylamide gel containing 50 mM-Tris-borate pH 8-3 and 8 M-urea. Lane l, 100 units/ml; lane 2, 50 units/ml; lane 3, partial alkali digest of the RNA; lane 4, 10 units/ml; lane 5, no treatment. Partial alkali digestion was performed as described by Donis-Keller et al. (1977) for location of guanine residues identified in lanes 1, 2 and 4 of the RNase Tl digests. Residue numbers are indicated as bars. (Hidaka et al., 1988) . Recently, Collmer & Kaper (1988) reported that an analogous O R F I translation product was not involved in the induction of tomato necrosis by D C A R N A 5 . Similar work by K u r a t h & Palukaitis (1987, 1989) has also placed the determinant of necrotic induction outside the region containing the 3' region of O R F I and the 5' region of O R F II of D C A R N A 5 (residues 70 to 160), and its domain was assigned to the 3' 150 nucleotides of the sequence. These results suggested that the biological activity o f the s a t R N A was due to direct interaction of the R N A molecule with viral and/or host components as seen for viroids (Diener, 1983) . s a t R N A s of tobacco ringspot virus (Owens & Schneider, 1977) and of turnip crinkle virus (Altenbach & Howell, 1982) were reported to lack in vitro m R N A activity and thus may also function in similar ways. On the other hand, a tomato black ring virus s a t R N A directed the synthesis of a 48K protein both in vitro and in vivo, suggesting a functional role as an m R N A in vivo (Hemmer et al., 1987) . Although both cases seem to be applicable to the understanding of F -s a t R N A function, i.e. attenuation of symptom severity caused by s a t R N Afree C M V (K. Hanada, unpublished observations), it is premature to speculate on the relevance of the O R F until in vivo detection of the possible translation product has been observed.
We have not found any significant homology between the product of F -s a t R N A and the proteins in the N B R F sequence bank (release 16.0. March, 1988) , nor between the nucleotide sequence of its coding region and the D N A sequences listed in the E M B L (release 15.0. May, 1988) and G e n B a n k (release 55.0. March, 1988) databases except for the previously published C M V s a t R N A sequences.
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